Abstract -To help address Metro Manila's garbage problem, the researchers constructed a Reverse Vending Machine to help promote proper waste management system inside Colegio de San Juan de Letran. At the heart of the system is a microcontroller which directs the operation of the various input (sensors and keypad) and output (display and motors) devices attached to it. The machine accepts plastic bottles and credits these as points, which in turn, can be used to buy products.
I. INTRODUCTION
Garbage disposal is now a worldwide concern. Huge volumes of waste generated every day are disposed by means that cause adverse environmental effects. [1] The common method of waste disposal is by unplanned and uncontrolled open dumping at the landfill sites. This method is injurious to human health, plant and animal life. [2] This harmful method of waste disposal can generate liquid leachate which contaminate surface and ground waters that can result to a spread of harmful diseases and the irreversible destruction of the natural environment. [3] In Metro Manila, of the estimated 6,700 tons of garbage generated daily in 2004, approximately 720 tons per day is recycled or composted. The remaining is either hauled to the city's dump sites or dumped illegally on private lots, or irresponsibly thrown into rivers, creeks, even in Manila Bay. If not, garbage is openly burnt, adding to the heavily polluted air shed. [4] By 2013, the mayor of Manila said that the city alone was generating around 8,700 tons of garbage every day and only 70 percent is collected efficiently while 30 percent goes to canals, creeks and rivers. The 2,610 tons of daily garbage clog the drainage pipes and canals, rendering ineffective the drainage system, and so the frequent flooding in or of the area. [5] Local government units are responsible for garbage collection within their area of jurisdiction. Most hire private collection firms. Collection services are often irregular due to traffic. In squatter areas, garbage may not be collected at all, leading to illegal dumping.
Mismanagement of wastes has serious environmental effects, thus the passage of the Republic Act (RA) 9003 or the Ecological Solid Waste Management Act of 2000. The effective management of wastes considers the basic elements of minimization, segregation and proper identification of wastes. RA 9003 declares the policy of the state in adopting a systematic, comprehensive, and ecological solid waste management program that ensures the protection of public health and the environment. It mandates the proper segregation, collection, transport, storage, treatment, and disposal of solid wastes through the formulation and adoption of the best environmental practices. Segregation at source should always be the responsibility of the waste-producer. Segregation should take place as close as possible to where the waste is generated and should be maintained in storage areas, even during transport. In RA 9003, Article 2 Section 21 states that the Local Government Units (LGUs) should provide for the residents a designated area and containers in which to accumulate source-segregated recyclable materials to be collected by the municipality or private center. As a result, the LGUs came up with color-coding of containers to indicate different types of wastes but the residents practically do not follow this system because either they are merely lazy to segregate, or they do not understand the intention of segregating.
Plastic bottles of drinks are of the pervasive plastic litter issues. Relative to drinking straws and grocery store plastic bags, plastic bottles are more space-consuming and they do not readily compact down. For every six plastic bottles bought, only one is recycled -five are thrown away to eventually end up in landfills, or the ocean [6] . Plastic takes literally hundreds of years to decompose -poisoning the environment and the wildlife and other living organisms within. In the Philippines, Manila Bay used to be one of the most beautiful places specially to the sunset watchers. But now, it is considered one of the most polluted bays in the world due to the floating plastics aside from the sludge, human sewage, and industrial waste that regularly find their way to this body of water.
Polyethylene Terephthalate is a plastic resin composed of two monomers namely modified ethylene glycol and purified terephthalic acid. PET is mainly used for food and water packaging because it is safe, strong, transparent, and versatile.
Up to 100% of a PET package can be made from recycled PET, and the material can be recycled again and again to reduce the amount of waste going into landfills [7] .
Accurate engineering and other technical data are virtually absent for existing disposal facilities and practices, and an assessment can only be prepared from brief site observations and verbal site reports. Nevertheless, Metro Manila must act immediately to improve waste disposal practices and establish sanitary landfill facilities. Until proper waste disposal is achieved, waste dumping will continue to cause serious public health, environmental, and social problems. The easiest and least expensive way to help hasten the deemed city-wide waste disposal process is to start in an establishment-, institution-, or company-based segregation.
The researchers aim to construct a vending machine which converts "plastic" bottles into credits that can be used to buy different merchandise within the vending machine. The purpose is to encourage proper waste disposal and waste segregation, and to start up a waste management system inside Colegio de San Juan de Letran.
II. IMPLEMENTATION

A. Design Criteria
The design project is constructed by the fulfillment of certain criteria:
Reliability
The machine must be able to function with minimum supervision. It must be able to operate within the proposed operating hours without fail. All the components used must work properly and according to the designated task. To ensure a continuous operation of the machine, the machine will be having two power sources: commercial and solar. The solar panels with battery is deemed the ideal and preferred power source; however, in this prototype, it will be the back-up power provider only during commercial power outages. (Outside the research project's limitations, the auto-switch design can be reversed to make the renewable solar as the default power source while the commercial power source shall automatically activate only when there is no light source or when the stored power is low.)
Accuracy
The machine must be able to differentiate plastic bottles from other types of materials and therefore reject the material if it is not plastic bottle. The E3ZM-B photoelectric sensor will be used as it is designed specifically for plastic bottle sensing. The adding and subtracting of points must also be accurate. Points must be added every time a deposited plastic bottle is accepted, and exact amount of points must be deducted every time a purchase is made.
Efficiency
With the presence of a renewable energy source, the machine can be cost and energy effective as the solar panel is deemed to reduce consumable energy consumption. The charging and discharging time of the battery will be computed to determine if the solar panel will help save energy and money. The machine will be constructed using devices with low power requirements to maximize energy efficiency.
Response Time
The machine must be able to complete operation quickly. Transaction time must be optimum for the user. The machine must exhibit fast collection of data and execution of commands.
Functionality
The machine must be able to function and complete process of operation without fail starting with the detection of the RFID Card up to the storage of accepted plastic bottles or dispensing of purchased items. The 'Drop and Tap' Reverse Vending Machine will be composed of three main parts: the vending machine (1), the control center (2) , and the bottle acceptor unit (3).
B. Machine Construction
The vending machine will have a display area (4) which will also serve as storage for the items to be sold. Products purchased will be obtained through the vending machine dispenser (5).
All processes will be controlled and ordered by the control center. The control center will be containing the microcontroller unit and input/output peripherals such as LCD screen and keypad (6) and the RFID reader (7) will be connected to it.
Through a plastic bottle inlet (8), the bottle acceptor unit accepts plastic bottles. Rejected plastic bottles will be returned via the bottle acceptor dispensing area (9).
A solar panel (10) with rechargeable battery will be connected to the machine to provide alternative power source. Inside the bottle acceptor unit, the photoelectric sensor and capacitive sensor (11) will be located near the inlet. The conveyor belt will move depending on the sensor. If the bottle inserted is rejected, the conveyor belt (12) moves down and dumps the bottle on the bottle acceptor dispenser (13). If the bottle is accepted, the conveyor belt moves up and dumps the bottle to the storage (14). An ultrasonic proximity sensor (15) will be used to detect if the storage bin is already full.
C. Operational Flow
The figure shows the flow of operation in the ReverseVending machine. The process starts from the detection of an RFID card indicating that a user is trying to access the machine. Upon verification of the user, the machine will show messages through an LCD screen asking for the desired course. If the user wants to deposit bottles, the machine will be ready to take in inputs. The plastic bottles will be verified using the photo-electric sensor and capacitive sensor. If the input is rejected, the machine discards the input and continues to ask for plastic bottles until the accepting phase is terminated. After the deposition of plastic bottles, the corresponding value of the inputted plastic bottles will be added to the total value stored in the RFID card and the sum will be displayed via the LCD screen. The machine will then ask if the user would like to make purchase. If the user decides to purchase, the machine will be ready to take orders. Upon totaling the value of the ordered goods, the machine checks if the account has enough credits to pay for the order. If not, the machine will cancel the order and then again be ready to accept additional plastic bottles. If the account has enough credits, the machine will deduct the cost from the total credits stored and would output the ordered goods. The machine would then again ask if the user would like to make purchase. If not, the machine terminates operation. The user also has the option to check the amount of points available in the card. 
D. Machine Power Supply
The machine can be powered two ways: by the commercial power line or by a renewable energy source harnessed using a solar panel. The 12V DC voltage regulator limits the voltage produced by the solar panel to 12V to protect the circuit from sudden increase in voltage due to increased sunlight. The diodes are added to provide back-voltage protection. The 12V DC will be paralleled to a 7V DC voltage regulator to yield a supply voltage suitable for the microcontrollers. When the supply from the commercial power line becomes unavailable, the energy stored in the battery will be consumed to provide backup power. Figure 18 shows how the sensors are positioned for object detection. The capacitive sensor detects first before the photoelectric sensor.
E. Plastic Bottle Sensing
Both the capacitive sensor and the photoelectric sensor can detect different types of materials. The two sensors only vary in their ability to detect clear PET bottles. The photoelectric sensor can detect clear PET bottles while the capacitive sensor cannot detect clear PET bottles.
The acceptance or repentance of an object depends on the combination of outputs of both sensors. Whenever the capacitive sensor detects, the object is automatically known as 'not a bottle' and when it does not detect and the photoelectric sensor detects, the object is considered a bottle. III. RESULTS Table 1 shows a 100% accuracy of RFID Card recognition. This implies that the RFID card recognition mechanism is accurate and reliable. In all trials, the mechanism recognized and matched the RFID account number. This aspect is important because if an RFID is not recognized properly, the user's intended transaction with the machine will not be possible. Table 2 shows a 100% accuracy in input sensing and points adding. This implies that the input sensing and points adding mechanism is accurate and reliable. In all trials, the machine added points to the account when PET bottles were detected and rejected when materials other than PET bottles were inserted. Table 3 shows a 100% accuracy in item purchasing and dispensing. This implies that the item purchasing, and dispensing mechanism is accurate and reliable. In all trials, the machine dispensed the intended item and the points in the card is deducted by the equivalent cost of the item purchased. This ensures that the user's purchasing intention is met and the item payment in terms of points is properly computed. Standard vending machines must have 100% reliability in this aspect.
In comparison with standard vending machines, the machine demonstrates relatively the same response time. Considering a single transaction, the machine can operate in less than a minute. The machine was able to satisfy the response time set by the design criteria as shown in Table 4 . Table 5 shows the charging and discharging time of the machine. The charging time varies depending on the magnitude of sunlight that is absorbed by the solar panel. Greater magnitude of sunlight provides for a shorter charging time. On the other hand, the discharging time is affected by the frequency of machine usage. On average, the charging time does not exceed one day, and it provides a backup power sufficient for a whole day operation. The data gathered does not match the computed theoretical charging and discharging times due to uncontrollable variables such as the amount of sunlight absorbed in a certain period and the number of times the machine was used during testing period. Some of the devices' power consumption depends when it is on idle or currently in use. Nonetheless, the solar panel with battery can provide immediate power supply in times of emergencies. 
IV. CONCLUSION
The Reverse Vending Machine was able to satisfy the objectives of the study with respect to the scope and limitations provided with it.
The tests done patterned on and limited by the design criteria confirms that the device is accurate in reading RFID accounts, distinguishing plastic bottles from other materials, adding points, and dispensing products. The machine has a response time relative to existing vending machine thus the one-minute response time limitation was met. With the addition of solar panel and battery, the device exhibits efficiency as it provides alternative power source. The machine is reliable for it can perform stand-alone operation and requires minimum supervision.
V. RECOMMENDATIONS
• Design next prototype that shall make use of solar power as default power source for better marketability to big endusers like LGUs in the provinces.
• Design can be further improved with inputs of consultants on the business viability of the machine.
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